Introduction
High-k dielectrics (HK) (mostly HfO 2 ) [1, 2] are recently being used in the gate stack to achieve low EOT as required for the 45 nm MOSFET technology node and below. Due to that the HK system is usually accompanied by the large amount of process-induced defects, adding ZrO 2 into HfO 2 seems to improve the electrical and reliability [3] . However, the interface properties of the gate stack are still unclear. In this paper, for the first time, the pure ZrO 2 and different ZrO 2 position in HfO 2 dielectric on the low frequency noise (1/ f) and random telegraph noise (RTN) are studied systemically. Evaluating the gate stack properties such as trap depth (x T ), trap lateral distance (y T ), trap energy (E C,SiO2 -E T ), (E C,HK -E T ), trap density and investigation of the 1/f noise mechanism have been presented [4] .
Experiment
For the experimental work, high-k gate dielectric nMOSFETs were fabricated using 28 nm gate-last HKMG technology. Four types of HK devices were fabricated. Device A contains 24 cycle ALD-grown ZrO 2 layer. Device B/C/D denotes the ZrO 2 layer is 5/10/20 ALD-cycle HfO 2 away from the SiO 2 interfacial layer. An oxide thickness of the interfacial layer is ~ 1 nm..
Results and Discussion
Comparison of drain current is presented in Fig. 1 . As expected, higher current overdrives were obtained in pure ZrO 2 device (device A), indicating that the gate stack has better trap properties. Fast I G relaxation measurements were used to inspect the transient electron trapping in the HK gate stack (Fig. 2 ). All devices with HfO 2 material had significant degradation in I G , and proved that the HfO 2 material can easily trap electrons in gate stack, regardless of the inserted position of ZrO 2 in gate stack. Nevertheless, no obvious degradation was found in full ZrO 2 gate stack, which can be ascribed to the weak electron capture capability. The drain current noise spectral density S ID /I D 2 was taken from the average of six nMOSFET samples for each device biased in linear operation (V DS = 0.05 V), while varying the gate overdrive voltage (V G -V T ) from the accumulation to the strong inversion regime. The lower 1/f noise level was found in device A, compared to the device B, C, and D, which implies that pure ZrO 2 layer has lower trap density. The normalized drain current noise spectral density S ID /I D 2 and the transconductance to drain current squared (g m /I D ) 2 as function of drain current are plotted in -m with m ~ 0.98, which highlights that the S/D noise can be excluded from overall noise.
Observation on the input-referred voltage noise-spectral density ( Fig. 5) , S VG can provide additional support for the fluctuation model. As expected, device A with pure ZrO 2 layer shows two distinct regions in the associated S VG . In region I (V G -V T ≤ 0.25 V), the S VG is independent of V G -V T , which indicates a signature of carrier number fluctuations. In region II (V G -V T > 0.25 V), a parabolic dependence of S VG on the gate voltage overdrive is observed, further confirming that correlated mobility fluctuations were involved [6] . Unlike device A with pure ZrO 2 , the S VG for all HfO 2 /ZrO 2 mixed devices reveal independence of the gate overdrive, which indicates that carrier number fluctuation is major noise mechanism. This is also reflected that large amount of inherent defects in the HfO 2 material. Fig. 6 showing the effective trap density per unit area could be extracted with eq. (1). Clearly, device A with pure ZrO 2 demonstrated the lowest trap density, corresponding to the results of I D -V D and I G degradation measurements. A distinct difference in drain current between two states was observed (not show here), which are responsible for carrier trapping and detrapping at a single trap site. The extracted mean capture time (τ c ) and the mean emission time constant (τ e ) versus gate overdrive (V G -V T ) are presented in Fig. 7 . The cross voltage of measured τ c and τ e is increased as the ZrO 2 layer is closer to the interfacial layer and the largest one shown in device A with pure ZrO 2 may be due to trapping in the IL enhancing electric field at the surface [7] . Fig. 9 . We found that device having ZrO 2 layer closer to the IL, electrons from source will travel longer distance to be captured. Moreover, we observed that in device B, C, and D, the trap is located inside HfO 2 layer, irrespective of ZrO 2 position, which implies HfO 2 material contains more trap density and dominate the RTN characteristics.
Conclusion
The location of traps generated in HK gate stack and behaviors of 1/ f noise have been successfully identified by pure ZrO 2 and selectively ZrO 2 layer position inserting HfO 2 . From 1/ f noise and RTN observation, we found that due to weak carrier capture for ZrO 2 , majority of RTN characteristics is dominated by the traps either in HfO 2 layer (device B/C/D) or in the interfacial layer (pure ZrO 2 ), leading to the 1/ f behavior is changed from carrier number fluctuation to the unified fluctuation model which includes number fluctuations and correlated mobility fluctuation. e n d e d A b s t r a c t s o f t h e 2 0 1 2 I n t e r n a t i o n a l C o n f e r e n c e o n S o l i d S t a t e D e v i c e s a n d M a t e r i a l s , K y o t o , 2 0 1 2 , p p 1 2 0 -1 
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